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This ^plication daims thej>ei^fit of an earlier filed copaiding provisional pat^t application 
titled "REMOTELY MANAG^ AUTOMATIC DISPENSING APPARATUS AND METHOD," 
implication No. 60^41,898, filed October 24, 2000, the disclosure of which is hereby incorporated 
by reference. 



BACKGROUND OF INVENTION 



1. Field of Invention 

1 5 i n The present invention relates generally to the field of infixed detecting devices and more 

,i particularly to the automatic standardized calibration of infixed detection devices. 

'h 

:3 

2. Technical Background 

20 Ul 

Various methods have been employed to electronically control water flow through a water 
control device such as a ^cet or spigot. Among the accepted and conventional methods is the use 
of an optical sensor for detecting reflections &om an infixed ('IR') source or IR emitter. Generally 
speaking, a pulsed IR beam is reflected fi-om an object (such as a user's hands) and sensed to 
25 determine whether to activate or deactivate a solenoid valve to control water flow firom the water 
control device. When processing electronics determine the reflection has exceeded a threshold value, 
a control signal opens a solenoid valve. Pulsed IR sensing remains at the forefi'ont of sensing 
techniques used with these types of devices due in part to its reasonable performance and low cost. 

30 
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Because of variations in processing drciuts, emitter diaractoistics and sensor charactoistics, 
it is necessary to calibrate an IR system. Calibration of infrared senang devices sudi as;, for example, 
automatically activated flow control de\dces is labor intenave and inefficient with respect to devices 
presaitly on the mailcet. The low cost IR sensing devices employed in automatically activated flow 
S control devices vaiy with feq)ect to power lequiremoits, performance, and other critoia. As a result, 
readings taken by these IR sensing devices (sudi as whether a user's hands are present beneath the 
aerator of a faucet) are generally non-uniform from device to device, and therefore often result in 
improper activation and deactivation of some devices. Similariy, as battery power for these devices 
decreases over time, so does the power ou^ut of the IR sensing devices. Moreover, water droplets 
10 sprayed or otherwise deposited on or near a lens or lens cover of an IR sensing device have been 
known to cause the IR sensing devices to malfimction. As a result, manual calibration of 
i;n conventional IR sensing devices of automaticaUy activated flow control devices is generally required 
on a frequent basis following extended periods of use. The repeated manual calibration can be time 
IFl consuming and costly, particularly when the IR sensing devices are located in areas that are difficult 
15 ,.r= to access. 

!3 

f ii SUMMARY OF INVENTION 

20 i"' The present invention generally provides a system and method for calibrating infrared 

detecting devices, which detect the presence of objects by detecting IR reflections. A system in 
accordance with an exemplary embodiment of the present invention indudes calibrating the output 
of the IR detector by a control module, which recdves the output of the IR detector and regulates 
the input of the IR emitter. The method diminates or reduces the need to manually calibrate and 

25 adjust each IR detector and IR emitter that is part of the infived detecting device. The control 
module rqieatedly activates the IR emitto' Mth an wpat value to emit IR ra^ation, \^ch is reflected 
from an object in the surrounding envdronment to the IR detector. The output from the IR detector 
is transmitted to a control module. If the IR detector output is not witlun a standard range of values 
for randomly reflected infixed radiation, a calibration manager increases or decreases the input to 

30 the IR emitter. This process is repeated until the output of the IR detector is within the standard 
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range of values. The value of the corresponding input to the IR emittw to maintain this vahie of the 
IR detector within the standard range of values is stored in the nonvolatile memory of the control 
module and the calibration manage* reprograms itself to use this calibration value of input to the IR 
emitter as a ref^ence standard. 

BRIEF DESCRIPTION OF THDE DRAWINGS 

Fig. lis a diagram illustrating a fluid dispensing system in accordance with an examplary 
embodiment of the present invention. 

Fig. 2 is a block diagram illustrating a more detailed view of the fluid dispensing system 
depicted in Fig. 1. 

Fig. 3 is a flow chart illustrating the architecture and fimctionality of an infrared dynamic 
calibration system depicted in Fig. 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

While the following description details the preferred embodiments of the present invention, 
it is to be undo^od that the invention is not limited in its ^plication to the details of construction 
and arrangement of the parts illustrated in the accompanying drawings, since the invoition is c^nble 
of other embodiments and of being practiced in various ways. 

Figs. 1 and 2 show a fluid dispensing system 8 that employs an infrared detection system 9 
in accordance with the present invention. As shown in Fig. 1, the fluid dispensing system 8 includes 
an automated faucet 10 having an z&rator 7 from which fluid (e.g., water) is dispensed. Automated 
faucet 10 has plumbing 11 in line with a solaioid valve 12 and a mixing valve 13, whidi is connected 



to a hot water source 14 and a cold water source IS. Faucet 10 also has IR emitter 16 and IR 
detector 17 on a sensor board 22 in a collar 18 of the &ucet 10. The sensor board 22 is preferably 
connected electrically to a control module 19 a by connector 20. The connector 20 provides power 
to sensor board 22 and control module 19. Control module 19 may also be connected electrically 
to solenoid 12 by connector 21. 

In the example shown by Fig. 1 a calibration manager 38 (see Fig. 2) in control module 19 
controls the intensity and duration of each pulse onitted fix)m IR emitter 16. When a user places his 
or her hands near fiuicet 10 (e.g., underneath aerator 7), the emitted IR pulse is reflected fix>m the 
hands to IR detector 17. IR detector 17 provides an output value indicative of the amount of the 
amplitude of the detected pulse, and a solenoid controls the opo^on of the solenoid valve 12 based 
on the IR detector's output vahie. More ^ecifically, the solenoid controllo- 40 compares the output 
value to a threshold value stored in memory 35, and will open solenoid valve 12 if the output value 
exceeds the stored threshold value. 

To insure proper operation during use it is desirable to calibrate the IR emitter 16 and IR 
detector 17. In accordance with the present invoition, caUbration is performed automatically by the 
caUbration nuuiager 38. 

Fig. 2 shows the conqxments of an infrared detecting device used in the calibration procedure 
for the present invention. Sensor board 22 has IR emitter 16 and IR detector 17, which are 
connected to IR emitto* amp 30 and IR detector amp 31, respectively. Control module 19 has a 
power supply 33, which receives power from batteries 32 and provides power to a signal processor 
34, memory 35, a solenoid power source 36, and a solenoid switch 37. The caUbration manage 38 
and solenoid controller 40 can be implemented in hardware, software, or a combination thereof In 
the preferred embodimoit, as shown by Fig. 2, the caUbration managw 38 and solenoid controller 40 
are implemented in software and stored within memory 35. During operation, the signal processor 
34 executes the caUbration manager 38 and solenoid controUer 40. Note that the signal processor 
34 can be any known processing element for executing instructions of software programs. 



The solenoid switch 37 under the control of solenoid controller 40, can open and close 
solenoid valve 12. If desired, control module 19 may communicate with a remote computer 41 so 
that computer 41 can remotely monitor the memory 35 and calibration values obtained during a 
calibration procedure that will be desoibed in more detail hereafter. Computer 41 may be adapted 
to use any known opo-ating system and may comprise a processor, random access memoiy, read only 
memory, disk drives, display, conmiunications applications, and the like. The values of iiq)uts to the 
IR emittor 16 and ou4)uts from the IR d^ector 17 will have optimal or standard ranges in vAadi the 
infrared detecting device can operate satis&ctorily. The minimum end of the range has values below 
^ch the fluid dispensing system 8 may not detect a user, and the high aid of the range has values 
above which the fluid dispensing system 8 may falsely detect a user. These maximum and minimum 
output ranges and the midpoint of these output ranges can be stored in memory 35 as part of the 
calibration data 39. The infrared detection and calibration syston 9 inchides saisor board 22, memoiy 
35, and signal processor 34. 

Calibration manager 38 is configured to send an {^)propriate input signal to IR emitter amp 
30 to cause IR emitter 16 to emit a pulse of infrared radiation. The amplitude of such a pulse is 
preferably based on the value or strength of the input signal. The emitted radiation, when reflected 
by an object in the surrounding environment, is detected by IR detector 17, and an output signal is 
therd)y sent to IR detector amp 31, whidi then sends an amplified output signal to signal processor 
34. Calibration manager 38 is configured to evaluate this output signal based on the standard range 
of values contained in calibration data 39 and to calibrate the emitter based on sudi evaluation. 

In some cases, IR detector output may be too high because randomly reflected emitted IR 
radiation is too high. Randomly refleaed emitted radiation is onitted radiation that is reflected back 
to the detector by an object other than a user. As an example, randomly reflected emitted radiation 
may include radiation reflected from a ank wall. The output signal of the IR detector 17 may, thus, 
falsely indicate the presence of a user when a significant amount of emitted IR radiation is randomly 
reflected. If randomly reflected emitted IR radiation is too high, control module 19 can provide an 



input signal to IR anitter amp 30 to dewease input to IR onitter 16 incrementally as desired, therrt»y 
decreasing randomly reflected emitted IR radiation to a desired level. In other cases, the lenses in 
collar 18 may have a depoat of film or dirt on than so that relativdy little randomly reflected emitted 
IR radiation is detected. Control module 19 can then provide an input signal to IR anitter amp 30 
to increase input to IR emitter 16 in<7emaitalty as desired, fhcnby inoeasing randomly reflected 
emitted IR radiation to a desired level. The caUbration correction tests can be conducted, for 
example, after every on/off cyde of the solenoid vah^e 12 or when a quiet period has occurred for a 
defined period of time. 

The dynamic calibration method of the present invention for IR detecting devices in 
conunerctal use is shown in Fig. 3. Control module 19 first tests for IR detector 17 output in 
response to randomly reflected onitted IR radiation (step 60) which is continuously generated by 
pulses of onitted infixed radiation in the absence of the user's hands. Calibration manager 38 then 
detamines whetha this outjHit in re^nse to detected randomly reflected emitted IR radiation is too 
high or too low compared to a maximum and minimimi range of standard output values contained 
in calibration data 39 (step 61). If the IR detector 17 output exceeds the maximum of the standard 
range, calibration manager 38 provides an input signal to IR emitta* 16 wherd)y IR emitter 16 
produces an infi-ared signal or pulse QR radiation) having a reduced amplitude (Step 62) if IR emitter 
16 output is not already at a minimum (step 63). If IR emitter ou^ut is not at a minimum, thai iiq)ut 
to IR emitter 16 is lowaed incranentally by caUbration manager 38 (step 64). The cycle is repeated 
(step 60) until detected randomly reflected IR emitter radiation is maintained within the range of 
standard values. The corre^onding input value to the IR emitter 16 is stored in calibration manager 
38 of control module 19 as a calibration standard until the next calibration. If IR emitter output is 
already at minimum, the IR detecting device may be considered defective or inoperable and any 
suitable indicator can be signaled by control module 19 (step 65). 

If randomly reflected emitted IR radiation is too low, calibration manager 38 will then provide 
an input signal to IR emitter 16 to increase its IR radiation output (step 66) only if IR emitter 16 
output is not aheady at a maximum (step 67). If IR emitta output is not at a maximum, then the 



input value to IR emitter 16 is increased incrementally (step 68), and the cycle is repeated (step 60) 
until detected randomly reflected IR emitter radiation is maintained within the range of standard 
values. The corresponding input value to the IR emitter 16 is stored in calibration manager 38 of 
control module 19 as a calibration standard until the next calibration. If IR emitter output is already 
at a maximum, the IR detecting device may be considered defective or inoperable and any suitable 
indicator can be agnaled by control module 19 (step 69). 

During use of the IR soising device, the power output of battoies 32 may dedine with time 
such that IR radiation output from IR emitter 16 may dedine with time, resulting in decreased IR 
detector output. If randomly reflected emitted IR radiation is ndtho* too high nor too low, compared 
to the standard range of vahies, calibration manager 38 may make adjustments to IR emitter input to 
compensate for a change in battery and power supply output by increasing input to IR emitter 16. 
This adjustment to IR emitter input may be made relative to a minimum and maximum range of 
standard values for IR emitter input values stored in calibration data 39 (step 70). The calibration 
test is then complete (step 71). The calibration process can be performed as frequently as desired, 
preferably every 0.25 seconds, for ambient lighting and change in batteiy output. 

It is apparmt from the above desoiption of the calibration method of the present invention 
that control module 19 calibrates itself rather than making changes directly to the IR emitter and IR 
detector assend)ty (collar IS) that is assodated with it. Thus, the collars 18 need no direct calibration 
and any collar can substitute for any other collar. In use, after repladng a collar with a new collar, 
or after unphigging and plugging in a collar, the fluid dispenang system 8 will automatically calibrate 
the new collar without any need for manual calibration. Thus, the method of the present invention 
greatly &cilitates the maintenance of infrared detection devices. 

The foregoing description has been limited to specific embodiments of this invention. It will 
be apparent, howev^, that variations and modifications may be made by those skilled in the art to the 
disclosed embodiments of the invention, with the attainment of some or all of its advantages and 
without departing from the spirit and scope of the present invention. For example, inputs to IR 
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emitter 16 or outputs from IR d^ector 17 may be measured in current or vohage. Various types of 
IR emitter and/or drtectors may be onplbyed to implonoit the IR emitta- 16 and/or the IR detector 
17 of the present invention. Collar 18 may have other structural features contained therein, sudi as 
a microprocessor or an IRDA photodiode for diagnostic and maintenance functions, or a powo- 
supply and power source. Control module 19 may have any suitable type of microprocessor or 
computer to poform programming, software implementation, and data storage and memory. The 
control module 19 may use an AC source of power instead of battoies. 

It will be undmtood that various dianges in the details, materials, and anangemoits of the 
parts vAdch have been desoibed and illustrated above in order to exi^ain the nature of this invention 
may be made by those skilled in the art without dq)arting from the principle and scope of the 
invention as recited in the following claims. 



